
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world byJSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.istor.org/participate-istor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



HYDROGEN-ION CONCENTRATION OF PROTOZOAN 

CULTURES. 

JOSEPH HALL BODINE, 
Zoological Laboratory, University of Pennsylvania. 

The chemical changes taking place in ordinary hay infusions 
used for protozoan cultures have been described by various 
authors, among whom may be mentioned Peters^ and Fine.^ 
The points of interest discussed by these two authors are the 
changes occurring in the titratable acidity and alkalinity of such 
infusions. Changes in titratable acidity and alkalinity, however, 
as is well known, do not give a correct expression of the changes 
in concentration of hydrogen ions. Inasmuch as the hydrogen- 
ion concentration of the medium with which organisms are in 
contact is of great physiological importance, it was planned to 
study this factor throughout the life of series of protozoan 
cultures, and to see in how far such results agreed with those 
obtained by titration methods. 

In the present study, therefore, determinations were made of 
both titratable acidity and alkalinity, as well as of hydrogen-ion 
concentration of series of cultures prepared in various ways. 

The titratable acidity was obtained by titrating 5 c.c. of 
culture with o.oi N NAOH, using phenolphthalein as indicator. 
The titratable alkalinity was obtained by titrating 5 c.c. of cul- 
ture with 0.01 N H2SO4, using bromphenol blue as indicator. Hy- 
drogen-ion determinations were made by colorimetric methods, 
using phosphate and acetate mixtures as standards, and phenol- 
sulfonephthalein, brom-cresol purple and methyl red as indicators. 
Series of cultures were prepared in various ways and determina- 
tions carried out daily. In the case of hay infusion cultures with 
hay, the same amount of hay (approx. 25 gms.) was used and 
treated in the manner indicated in explanation of figures. The 
soil in soil cultures was obtained from the greenhouse and was 

' Peters, A. W., 1907, Amer. Jour. Physiol., 17 and 18. 
2 Fine, M. S., 1912, Jour. Exp. Zool., 12, p. 265. 
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that used by the gardener in ordinary greenhouse work. Total 
volume of cultures varied from 2 to 5 liters, depending on size of 
container used. When cultures were inoculated with organisms 
samples were taken from several cultures so that as many repre- 
sentative protozoan forms as possible were obtained. All cul- 
tures were kept under the usual laboratory conditions, in the same 
room, with the temperature as nearly constant as possible. 

The data obtained in such a study are most readily presented 
by curves, since it is relative and not absolute changes in which 
we are interested. 

Peters* and Fine^ found that the top and bottom of cultures 
varied in titra table acidity— at first, a high titra table acidity at the 
bottom, and later, as diffusion proceeded, a more or less uniform 
concentration was obtained and titratable acidity differences 
tended to disappear. A similar condition has been found by the 
author in titrations, but the differences in hydrogen-ion concentra- 
tion are never great and, when occurring, last only for a very short 
time in the early life of the culture. In the following results, 
however, average conditions only will be given. 

Figure i shows graphically the changes in Ph in a typical soil 
culture. These cultures, during the first few days, become 
slightly acid, followed by a less acid condition, and, finally, 
remain rather alkaline throughout the remainder of the experi- 
ment. Observation showed that organisms were most abundant 
during the early life of the culture, when the change from a 
slightly acid to a slightly alkaline reaction was taking place. 

Figure i also shows the changes in Ph in hay infusion cultures 
prepared in slightly different ways. From these results it is 
quite evident that the presence of hay, either boiled or unboiled, 
tends to make a decided difference in the hydrogen-ion concentra- 
tion of the culture. No attempt was made to keep the cultures 
sterile, and since it has been pointed out repeatedly that the 
bacteria are to a great extent, if not entirely, responsible for the 
acid production, these changes in Ph between cultures with and 
without hay are in all probability due to amounts of available 
food for bacterial organisms, as well as to the acid-yielding con- 

' Peters, A. W., 1907, Amer. Jour. Physiol., 17 and 18. 
2 Fine, M. S., 1912, Jour. Exp. Zool., 12, p. 265. 
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Fig. I. Top — Curves show the Ph of soil and ordinary hay infusion cultures 
for a period of over 3 months. 
A = soil culture, prepared with soil, hay infusion, tap water and inoculated with 

organisms. 
B = culture prepared with hay infusion, tap water and inoculated with organisms. 
Space between arrows indicates time when organisms appeared to be most 
abundant. 

Bottom — Curves show the Ph of cultures with and without hay and also the Ph 
of inoculated and non-inoculated cultures. 

C = culture prepared with hay infusion, tap water and inoculated with organisms. 
D = culture prepared with filtered hay infusion and tap water and not inoculated. 
E = culture prepared with hay, filtered hay infusion and tap water and not in- 
oculated. 
F = culture prepared with boiled hay, hay infusion, tap water and inoculated with 

organisms. 
G = culture prepared with boiled hay, filtered hay infusion and tap water and not 
Inoculated. 
Volume of culture, s liters. Abscissas, time in days indicated. Ordinates 
represent Ph. 



stituents of the hay. The differences in Ph between inoculated 
and non-inoculated cultures are probably due, either to a reduc- 
tion of the bacteria by the protozoa, or possibly to various 
excretion products of the protozoa themselves. 

It is also of interest to point out here that in the soil cultures 
there is a relatively short period of acidity followed by a longer 
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Fig. 2. Curves show the titratable acidity and Ph of an ordinary hay infusion 
culture, prepared with boiled hay, filtered hay infusion and tap water. A = titrat- 
able acidity. B = Ph. Abscissas time in days indicated. Ordinates at left 
represent Ph. Ordinates at right represent cubic centimeters o.oi N NAOH 
required to neutralize s c.c. of culture. 
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Fig. 3. Curves show the titratable acidity and alkalinity and the Ph of an 
ordinary hay infusion culture and of a hay infusion culture to which a piece of 
marble has been added. A = culture prepared with boiled hay, hay infusion, 
tap water, piece of marble and inoculated with organisms. B = culture prepared 
with hay infusion, tap water and inoculated with organisms. Volume of cultures, 
S liters. 

Top — Curves show titratable acidity and alkalinity. O = alkalinity. • = 
acidity. Abscissas, time in days indicated. Ordinates represent cubic centimeters 
o.oi N NAOH and H2SO4 to neutralize 5 c.c. of culture. 

Bottom — Curves show Ph of cultures. Abscissas, time in days indicated' 
Ordinates represent Ph. 
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one of alkalinity, while in hay cultures there is a period of acidity 
which lasts for a relatively long time in the life of the culture. 

Figure 2 shows graphically the relation between the titratable 
acidity and hydrogen-ion concentration of a typical hay infusion 
culture. A somewhat more gradual and noticeable change is 
noted for titratable acidity than for hydrogen-ion concentration, 
and this seems to show that a marked change in titratable 
acidity is not necessarily accompanied by a correspondingly 
marked change in hydrogen-ion concentration. 

Peters' and Fine^ have shown that the acidity of hay infusions 
is due almost entirely to bacteria, to carbon dioxide, and acid- 
yielding hay constituents. This being the case, it is of interest 
to see how in an ordinary hay infusion a piece of marble will 
produce a fairly constant Ph. 

Figure 3 shows graphically the changes in Ph and in titratable 
acidity and alkalinity in such a culture. These cultures gradually 
become alkaline in reaction, as indicated by Ph, but still have an 
appreciable titratable acidity. Cultures prepared in such a 
manner ought to be useful for keeping organisms in media of 
almost constant Ph. 

The above results on titratable acidity and alkalinity are 
quite in agreement with those reported by Peters' and Fine,^ 
and in addition show the relative changes in hydrogen-ion 
concentration during the life of hay infusion and soil cultures. 
The sequence of organisms and changes in hydrogen-ion con- 
centration have not been particularly studied, but it is not 
improbable that some relation between the two might be shown 
to exist. 

' Peters, A. W., 1907, Amer. Jour. Physiol., 17 and 18. 
2 Fine, M. S., 1912, Jour. Exp. Zocl., 12, p. 265. 



